We studied strains of an unusual streptococcus that superficially resembles Streptococcus sanguis but has fibrils that are arranged in lateral tufts. These strains were originally isolated from human throats and oral cavities and have been referred to previously as "Streptococcus sanguis I," the "CR group," and the "tufted-fibril group.'' Until now, insufficient phenotypic data have been available to allow reliable differentiation of these strains from other viridans streptococcal species, particularly the species in the S . sanguis group. Recently, workers have proposed a scheme of phenetic tests that is based on 4-methylumbelliferyl-linked substrates and conventional biochemical tests and allows the tufted-fibril group to be differentiated; these organisms differ from other viridans species in being able to hydrolyze arginine but not esculin and in producing a-L-fucosidase but not P-glucosidase or alkaline phosphatase. These data, together with the results of our DNA-DNA hybridization experiments and the unusual ultrastructure of the tufted-fibril strains as determined by electron microscopy, demonstrate that these organisms represent a new species, for which the name Streptococcus crista is proposed. The DNA base composition is 42.6 to 43.2 mol% G+C. The type strain is strain CR311 (= NCTC 12479).
In recent years the use of nucleic acid hybridization and sequencing techniques has helped clarify the taxonomy of the oral viridans streptococci, resulting in the description of several new species (11, 20, 21) , emended species descriptions (11, 18) , and the division of these bacteria into the following three species groups: the Streptococcus mutans group, the Streptococcus oralis group, and the Streptococcus salivarius group ( 5 , 10, 16) . Several of the studies involving DNA-DNA hybridization (5, 7) have highlighted a group of strains that superficially resemble Streptococcus sanguis, have been isolated from human throats and oral cavities, and have tufts of fibrils located in a lateral position on the cell surface (8). The majority of S. sanguis strains isolated from coronal plaque have short ( 4 4 nm) peritrichously arranged sparse fibrils, but workers have isolated a small group of strains that have lateral fibrils organized in a very dense tuft on only one side of the cell (8, 9). These tufted S . sanguis strains are known to coaggregate specifically with Corynebacterium matruchotii both in vitro and in vivo, forming characteristic corn cob configurations in mature plaque (12, 14, 15) , a property that is not found in the peritrichously fibrillar S . sanguis strains (8).
The tufted strains hydrolyze arginine but not esculin, do not produce alkaline phosphatase or ferment raffinose (9, and bind salivary a-amylase (7). These organisms have been referred to previously as " S . sanguis I" (with tufts of fibrils) (S), the "CR-group" (7), and the "tufted-fibril group'' (1, 10). However, it has not been possible previously to present a formal species proposal and description of these tufted strains because an insufficient number of reliable, differential phenotypic tests have been available (5).
In a recent study involving the use of 4-methylumbelliferyl-linked fluorogenic substrates together with conventional biochemical tests for carbohydrate fermentation and substrate hydrolysis, Beighton et al. described a scheme of * Corresponding author.
tests that allows differentiation of this group of unnamed strains from other species of viridans streptococci (1) .
In this paper we describe the phenotypic characteristics and differentiation of these previously described streptococci (1, 8) ; we also describe the results of DNA-DNA hybridization experiments and propose that these organisms constitute a new species of viridans streptococci.
MATERIALS AND METHODS
Bacterial strains. The tufted strains were isolated from coronal dental plaque (strains CR3 and CCSA), a periodontal abscess (strain CR311T [T = type strain]), and a throat swab (strain AK1) (8). Strain CCSA was kindly donated by B. Rosan, Philadelphia, Pa., and was originally isolated by C. Mouton (14) . The other species which we studied included S . sanguis (12 strains), Streptococcus parasanguis (12 strains), Streptococcus gordonii (9 strains), Streptococcus oralis (10 strains), Streptococcus mitis (5 strains), Streptococcus salivarius (14 strains), Streptococcus vestibuiaris (6 strains), Streptococcus mutans (174 strains), Streptococcus sobrinus (36 strains), Streptococcus intermedius (61 strains), Streptococcus constellatus (49 strains), and Streptococcus anginosus (47 strains), as previously described (1, 3, 18) . The strains were stored frozen on glass beads at -70°C and as freeze-dried cultures. Routine subculturing was performed on Columbia agar (GIBCO Ltd., Paisley, Scotland) containing 5% (volhol) defibrinated horse blood, with incubation at 37°C in a 20% H2-10% co2-70% N, atmosphere.
Biochemical tests. Specific glycosidic enzyme activities were determined by using 4-methylumbelliferyl-linked substrates and the method of Whiley et al. (19) . The production of acid from amygdalin, arbutin, inulin, lactose, mannitol, melibiose, N-acetylglucosamine, raffinose, and sorbitol, the production of hydrogen peroxide, ammonia from arginine, and urea, and the hydrolysis of esculin were tested as previously described (2). Acid production from arabinose, galactose, lactulose , maltose, melizitose, pullulan, rham- The numbers in parentheses are the percentages of homology obtained when the S1 nuclease method was used (7, 17, 20) . ND, not determined.
nose, ribose, sorbose, tagatose, trehalose, turanose, and xylitol, and alkaline phosphatase production were determined by using commercial test kits [API bioMerieux (UK) Ltd.]) according to the manufacturer's instructions. Negative staining. All strains were grown overnight at 37°C in brain heart infusion broth supplemented with 0.3% (wt/ vol) added yeast extract. The cells were harvested and washed three times in distilled water. The cells were then negatively stained in 1% methylamine tungstate by using the method described previously (8). Micrographs were taken with a Hitachi model H600 electron microscope.
DNA analyses. The preparation of DNAs from cultures in 500-ml portions of Todd-Hewitt broth (BBL Microbiology Systems, Cockeysville, Md.) containing 1% (wt/vol) additional glucose, the hybridization of DNA immobilized on filters (type HAWP; Millipore Corp., Bedford, Mass.), and ( n = 9) ( n = 12) ( n = lo) ( n = 5, (n = 14) (n = 6) (n = 47) ( n = 49) ( n = 61) ( n = 174) ( n = 36)
Production of P-D-Fucosidase ' n is the number of strains tested. determinations of DNA base compositions were carried out as described by Coykendall and Munzenmaier (6).
RESULTS AND DISCUSSION
The results of the DNA analyses (Table 1) demonstrated that there is a relatively close relationship between the tufted strains and S. sanguis; however, the high levels of base sequence homology (86 to 100%) between strains belonging to the tufted group demonstrated that these streptococci belong to a separate species. One tufted strain (strain CR3) exhibited 68% DNA homology with the type strain of S. sanguis (strain NCTC 7863). In our opinion this value does not reflect the actual level of relatedness between these two strains because of the relatively low stringency of the filter membrane hybridization method used (4, 6 , 22) and the 31% base sequence homology observed between strains NCTC 7863T and CR311T when [3H]DNA from strain CR311T was used, compared with a value of 55% obtained for these strains in the reciprocal experiment. It should be noted that the filter membrane method also indicated that there was a higher level of DNA base sequence homology between strains of S . oralis and S. rnitis than would be expected between strains of two separate species (Table 1) and that in the course of other DNA-DNA hybridization studies with the latter organisms in which the S1 nuclease method was used under more stringent conditions (7, 17), only 40% homology between S. oralis LVGIT (= NCTC 11147T) and S. rnitis NCTC 10712 was observed.
As previously noted, the tufted strains were differentiated from other species of viridans streptococci by their ability to hydrolyze arginine but not esculin, by their production of a-L-fucosidase but not P-glucosidase, and by their inability to produce alkaline phosphatase (1, 5) . The distinguishing characteristics of these strains and other viridans streptococcal species are shown in Table 2 .
The four strains which we studied all had tufts of fibrils that were equatorially located on the cells (Fig. 1) . Strains CR311T, AK1, and CCSA had two types of fibrils (Table 3 and Fig. l) , and strain CR3 had only long tufted fibrils. Similar tufted strains have previously been shown to adhere by their tufts to C. matruchotii, and the resulting corn cob configurations are found in mature plaque (13). This specific adhesion property of coaggregation with C. matruchotii further distinguishes the tufted strains from S. sanguis !strains, which lack this coaggregation ability.
In view of the very distinctive structural, physiological, <and biochemical characteristics of the tufted streptococci, we believe that the strains previously referred to as the "tufted-fibril group" (1, lo), the "CR group" (7), and "S. sanguis I" carrying tufted fibrils (8) Colonies grown at 37°C for 2 days on blood agar are greyish white, glossy, entire, alpha-hemolytic, and 1 to 2 mm in diameter. Glucan production on sucrose-containing medium is a variable characteristic. Acid is produced from arbutin, maltose, trehalose, and N-acetylglucosamine, but not from amygdalin, arabinose, inulin, mannitol, melibiose, melezitose, raffinose, rhamnose, ribose, sorbose, sorbitol, tagatose, turanose, and xylitol. The majority of strains produce acid from galactose and lactose but not from lactulose or pullulan and hydrolyze arginine but not esculin or urea. P-N-acetylgalactosaminidase, P-N-acetylglucosaminidase, and a-L-fucosidase are produced, but a-arabinosidase, P-Dfucosidase, a-galactosidase, a-glucosidase, P-glucosidase, sialidase (neuraminidase), and alkaline phosphatase are not produced. Some strains produce p-galactosidase. All strains produce hydrogen peroxide but not acetymethylcarbinol (Voges-Proskauer test). Salivary a-amylase is bound. Cells have tufts of fibrils in a lateral position. The G +C contents of the DNAs range from 42.6 to 43.2 mol%. Source: human throats and oral cavities. The type strain is strain CR311 (= NCTC 12479).
